We designed CSCL-based science lessons for 4th ("nature around us") and 6th grade ("air and how things burn") at a Japanese elementary school. The CSCL technology we used was Knowledge Forum (KF), the second generation of CSILE software. In the first year, we designed the lesson in which KF was used as an extra communication tool. Goal-sensitive assessments for the lesson showed that students did not frequently discuss on the lesson concepts in a cognitive manner. The lesson design in the second year was revised by providing students with cognitive scaffolds so that they could more articulately discuss their thoughts as objects. Comparative analyses manifested that students in the second year were more engaged in science activities through social construction of their knowledge on KF. Design principles we found to be effective are discussed.
INTRODUCTION
"Computer-Supported Intentional Learning Environments (CSILE)" proposed by Scardamalia, Bereiter and their colleagues is an educational philosophy for the design of computer-supported learning environments (Scardamalia, & Bereiter, 1996) . CSILE software is a communal database system in which learners are allowed to externalize their thoughts mainly in the form of texts or/and graphics called "notes," then engage in collaboratively organizing their knowledge as objects to advance their communal understanding as a whole. This communal database structure has been found to provide learners with opportunities to be involved in knowledge advancement through distribution of their expertise, and to eventually facilitate learners' conceptual understanding of complex scientific phenomena in comparison with traditional instructions. Thus, empirical studies so far have shown that CSILE is a powerful tool to transform learning activities to knowledge building (e.g., Oshima, Scardamalia, & Bereiter, 1995) .
With Knowledge Forum, the second generation of CSILE software, we started a project at a Japanese national elementary school with teachers for designing a learning environment for science education in 1999. The study reports how we have developed the elementary science education curriculum with Knowledge Forum based on Japanese science activity structure (Linn, Lewis, Tsuchida, & Songer, 2000) .
Design Experiments as an Approach to Educational Research
Designing learning environments involves us in many aspects of schooling activities. We have to consider a total package of instructional input such as classroom culture for studying, characteristics of teachers and students, curriculum contents, innovative technologies, and so on. These are all interacting. In addition, we have to think of two sides of the intervention, i.e., contributions to learning theories, and practical feasibility. We as researchers want to contribute to the learning science community based on results from our design experiments, and the consequences should be valuable to teachers as well. Researchers are allowed to learn from failures through design experiments, but teachers are not. They need a promise that new attempts should be better than or at least not worse than their current practices. Further, output should be accountable for both sides (Bransford, Brown, & Cocking, 1999) . Thus, the intimate collaboration between researchers' side and practitioners' side is necessary for the designing activity. We have taken the practitioner-as-learner-centered approach to the design. In our approach, we started with teachers' concerns with their practices in the classroom and their philosophical views on teaching and learning. Their lesson plan is the interface for us to legitimately participate in their culture of practices in a peripheral way. Based on their lesson plan, we discuss what perspectives on student learning we are going to take in designing the curriculum and what we hope students do in learning. This type of collaborative designing helps us to articulate problems with the design and challenge the problems by using our research-and practice-based expertise (Oshima, Oshima, Murayama, Inagaki, Nakayama, Yamaguchi, & Takenaka, 2001 ).
Design Principles
In design experiments, we need principles. We have to integrate our expertise on learning into the curriculum design. This task is not just compiling all we have known on learning, but a very difficult work to blend expertise from different areas. In our design experiments, we have referred to the basic system of the community of learners (Figure 1 ) by Brown and Campione (1996) . In the community of learners, the basic components are research (student-directed learning), information sharing, consequential task (i.e., students' recognition of their knowledge as applied to problem solving in the future), deep disciplinary content (beyond textbook levels), and students' reflection on their own activities (i.e., metacognition). In the framework, our challenge for the curriculum design was to appropriately use Knowledge Forum to facilitate students' sharing information and reflection on their learning activities.
Activity Structure in Japanese Elementary Science Education
In Japanese elementary schools, teachers have a widely shared framework of science activities for students to do in the classroom which we think is similar to the community of learners. The activities are supported by Japanese school cultures . Students are regularly educated to listen to others and collaborate with one another in small groups. They are also required of reflecting on their own activities in the classroom with their classroom goals determined by themselves at the beginning of the year. Thus, students' dispositions to learning help them to engage in the organized science activity. Science activity at Japanese elementary schools is well-structured based on instructional goals to make students think of science through their investigations as involvement in authentic science activities. This is true only if the instructional goals are appropriately understood and considered by teachers before conducting their teaching, and only if materials and tools are coordinated with student activities emphasized by the instructional goals. Some national elementary schools have established such curricula through their repeated practice research. In most schools, however, the science activity structure is used as a very routinized technique to conduct science education, and therefore does not lead students to deeper understanding. As Brown (Brown, & Campione, 1996 ) discussed, we need to discover disciplines for designing learning environments for the purposes of facilitating communities of learners. The disciplines here are guidelines for educators to follow for designing their own classrooms. What should be disseminated are not routinized techniques but disciplinary understanding of how people learn and how we can facilitate it. Teachers at our elementary school had some difficulties to reify their teaching with instructional goals. One of their problems was how to have students to share and reflect on their thoughts in a more productive way. We proposed to redesign their lesson plans with the use of a CSCL technology in their classroom (Oshima et al., 2001) . The study reports our progress through design experiments in two years (1999) (2000) .
DESIGN EXPERIMENT IN THE FIRST YEAR Lesson Plan: "Nature Around Us"
We designed four lesson plans in science education at 4th and 5th grade with two science teachers. In this report, we focus on one teacher (Mr. N) who has a master degree in Educational Computing and more than ten-year teaching experiences. Mr. N and we agreed to design a new lesson plan for "nature around us" in which 4th grade students were expected to attain their understanding of "systematic changes in plants and insects depending on the seasonal change in temperature." Students recurrently study this topic across the year (spring, summer, fall, and winter). In the target classroom, students had studied the topic in three seasons. Mr. N planned his lessons for integrating students' activities (from spring to fall) into the target lesson (in the winter). We considered the lesson plan for students to understand the systematic changes in plants and insects from fall to winter and the mechanism behind the changes by comparing temperatures in the two seasons. We further planned stimulate students' inferences (i.e., predicting changes in plants and insects from winter to spring) to deepen their conceptual understanding. In the design meeting, Mr. N reported that it had not been sufficient for students to share their thoughts. He was very concerned with problems with some smart students dominating others who could not express ideas even though the ideas were valuable to discuss. Therefore, Mr. N Figure 1 . The Basic System of the Community of Learners (Brown, & Campione, 1996) . We planned to extend the lesson from five class periods (the ordinary schedule) to sixteen periods (a period was 45 minute long). We thought that students needed time to be trained how to use Knowledge Forum and collaborate with one another on the network. Figure 2 shows how the lesson was proceeded. Mr. N started the lesson with his attempt to connect his students' interests to learning goals in the lesson. Then, there were four periods to learn how to use Knowledge Forum. During the training periods, students were conducting their investigations on how plants and insects changed in the winter out of the regular schedule. The 7th period was a benchmark lesson (Minstrell, 1996) . Mr. N asked students in small groups to summarize what they investigated and to report in front of the whole class. After the benchmark lesson, students were instructed to report what they had investigated on Knowledge Forum (periods 8 to 12). Each student (36 in total) could use a machine so that anyone could have sufficient time and space to express his/her ideas and information to be shared in the class. Mr. N regularly walked around in the room to see if students had difficulties in operating the computer or typing their thoughts. He provided students who could not express their thoughts with suggestions on how to start writing or how to express their thoughts by discussing with them. Mr. N further took two periods for students to collaborate with one another by commenting on others' thoughts (periods 13, and 14). In the last two periods (15, and 16), students in small groups were instructed to compare how plants and insects looked in the fall and the winter, then predict their changes in the coming spring. Finally, they reported their thoughts by writing on Knowledge Forum as well as their worksheets.
We used a WWW version of Knowledge Forum in Japanese environment. When students logged in, they saw the view, "how plants and insects look like in the winter." After clicking on the view link, they could see the list of notes produced by them. In the later stage of the lesson, we created a new view on "how we can predict the changes in plants and insects in the coming spring" so that students would be engaged in inference activities for applying their understanding from investigations to new situations.
Evaluation of the First Year Design Instructional Goals
An instructional goal was to facilitate students' conceptual understanding of systematic changes in plants and insects through different seasons, in particular, by paying their attention to the change in temperature as a main factor. Based on their understanding of the systematic change in the nature around them, they were expected to use their understanding to predict the change in plants and insects in the next season. In addition, students' activities were expected to work as social construction of knowledge (e.g., Brown, & Campione, 1996; Linn, & Hsi, 2000; Scardamalia, Bereiter, & Lamon, 1994) . They would be engaged in revisiting their thoughts as objects for further understanding, and their thoughts would be considered and criticized collaboratively so that they have their understanding as socially shared in the classroom.
Goal-Sensitive Assessment 1: Students' Understanding of the Lesson
In the final stage of the lesson, students were given a task of predicting what changes they would see in plants and insects in the coming spring. Each student answered this question and wrote down their explanations on Knowledge Forum. Their explanations on the question were evaluated and categorized into one of the three levels:
(1) understanding of natures in different seasons but not comparing among them (Level 1); (2) understanding of natures in different seasons and comparing among them (Level 2); and (3) understanding of natures in different seasons and comparing among them with the change in temperature (Level 3). Figure 3 shows student frequencies at the different levels. Only two students attained their understanding at level 3, and two-thirds of students remained at the level 1, χ 2 = 18.20, df = 2, p < .01.
Goal-Sensitive Assessment 2: Students' Knowledge Construction on the Network
There were 112 notes on the study topic in Knowledge Forum, including 13 notes produced by teachers and researchers. Of 99 notes produced by students, five notes were single and 94 notes were in 22 threads (ranged from 2 to 12). A Chi-square analysis showed that students were more likely to produce notes in threads, χ 2 = 417.1, df = 1, p < .01. Based on the server log files, notes read by each student were counted excluding the student's authoring notes. The mean note frequency was 17.2 notes (SD = 1.84) ranged from 0 to 53. Content in each note was identified as one of the following types: (1) non-cognitive, (2) cognitive, and (3) socially cognitive. Discourse in which students did not refer to anything learned in the lesson but just socially talked with their friends was categorized as "non-cognitive." When students were discussing on the lesson concepts or their thoughts but they did not clearly construct mutual understanding, the discourse was identified as "cognitive." When students were discussing on the lesson concepts or their thoughts to socially construct their mutual understanding, the discourse was categorized as "socially cognitive." A research fellow and a graduate student independently evaluated notes (their agreement was 71.4%). Disagreements between the two were resolved through discussion. Figure 4 shows note frequencies identified as different types of discourses. A Chi-square analysis manifested that the 4th grades produced "non-cognitive" and "cognitive" notes significantly more than "socially cognitive" notes, χ 2 = 46.3, df = 2, p < .01. The content analysis of thread notes ( Figure 5) showed that the 4th grades produced significantly more proportions of "non-cognitive" and "cognitive" notes than "socially cognitive" notes in threads, F(2, 42) = 19.00, p < .01. 
Discussion
Our goal-sensitive assessments showed us real pictures of students' learning. Unlike we expected, students did not attain deep conceptual understanding. They could not reason on how plants and insects would change with the seasonal changes in temperature. Two-thirds of students could not reason on seasonal changes based on their previous thoughts. We think that this result does not only suggest that students could not properly learn what we expected in the lesson, but also that they did not engage in science activities at the deeper level.
Results of the analyses of students' activities on Knowledge Forum support this interpretation. Students were not frequently engaged in cognitive activities in relation to the lesson concepts in their communication. They frequently wrote notes but did not read them. They commented on others but the commentaries were not cognitive to lead them to deeper understanding. Half of their notes were not devoted to science activities we expected them to engage, but to social activities in which they praised each other or instructed others on writing.
We found the following points to revise in the second year design. First, we needed to articulate cognitive objectives of students' activities. In the first year, students did not have articulate objectives to learn the lesson concepts (rather, the lesson goals were transformed into tasks they have to do). They, therefore, might not have necessity to share their information in-groups or the whole class. Second, in relation to the first point, students in the first year were not keen on what should be reported and shared in the classroom. We had to design the lesson in which students could recognize objects they talked about for improving their understanding. Third, we had to design the coordination among students' individual work, small group work, and the classroom work for encouraging them to engage in talking about their thoughts as shared understanding. The participatory structure in science activities had to be supported by face-to-face and Knowledge Forum communication. Finally, we had to enhance the system interface in such a way that students are likely to engage in science activities we emphasize.
DESIGN EXPERIMENT IN THE SECOND YEAR Lesson Design: "Air and How Things Burn"
In the second year, we hoped to continue our design experiments on the same topic at the same grade. However, Mr. N moved to be in charge of teaching at 5h and 6th grade in the second year. Since we considered it better to continue our design experiments with the same teacher, we designed a curriculum for his 6th grade class.
Although we had to challenge a different grade topic, our findings from the first year's design helped us. The study topic we challenged in the second year was "air and how things burn." Students were expected to understand that oxygen is needed for things to burn in the air, then why and how things stop burning in relation to the existence of oxygen in the air. Based on our lessons from the first year, we invented the followings as scaffolds in the second year ( Figure 6 ):
(1) The lesson plan was designed so that students were more concerned with conceptual understandings by structuring students' activities as theory building through construction of their explanatory models. In periods 1 and 2, Mr. N conducted a couple of experiments as demonstrations. He burned ruffled newspaper balls and thick-layered newspaper blocks. Before burning them, he asked the class whether the newspapers burn or not. The ruffled newspaper balls easily burned, but the thick-layered ones did not. Mr. N again asked the class "Why did this (ruffled) one burn but not this (thick-layered)?" This is the first step for students to think of air as a necessary component for things to burn. Further, Mr. N posed a question on "why and how a candle stopped burning in the closed jar" after conducting the experiment. This is the second step for students to recognize that some changes would happen in the air when things burn. Students were then instructed to draw their models on what happened in the jar. This was a main activity of theory building in the lesson repeatedly conducted either individually or collaboratively. For this lesson plan, we had to extend the lesson from thirteen periods (the ordinary schedule) to 40. (2) Students were instructed to report, on Knowledge Forum, their thoughts in a specific form of scientific thinking s u c h a s h y p o t h e s e s , e x p e r i m e n t a l d e s i g n s , predictions, results, and their discussion. This instruction was expected to facilitate students' sharing their thoughts. What we were concerned with in providing students with this science speech genre was that they should know why this format of written discourse was applied for sharing their thoughts. Mr. N had students discuss in the whole class on whether they should use this format and how and when to use. The formatted written discourse was considered a final picture of students' thoughts. They were allowed to write down their thoughts in their own formats as well. In organizing their thoughts, discussing in the small group or in the whole class, however, students were encouraged to structure their thoughts in the scientific discourse format.
(3) The participatory structure of students' science activities was more articulately designed than was it in the first year. Students used two different communication channels, i.e., face-to-face and Knowledge Forum. We designed their communication structure so that they could communicate with one another in face-to-face for the whole class and small group discussion, and that they could communicate between groups pursuing different hypotheses mainly on Knowledge Forum. There were 10 computers (one computer per group) in the science room. Students were engaged in thinking of their models individually then discussing in small groups, and finally reporting in the whole class. This cycle was repeated three times with benchmark lessons.
(4) Researchers and graduate students regularly discussed with students on their modeling, hypotheses, experimental designs, or their discussion on results. Further, the learning experts frequently encouraged students to read notes by others who had different hypotheses, did similar experiments, had surprising results, and so on, by commenting on students' notes and linking the notes to their own notes.
(5) The system interface was enhanced in two ways (Figure 7 ): First, we changed the interface so that students could more easily recognize and use the database as a tool for their reflection. One feature was a graphical view to show them their understanding in progress. Their different hypotheses were positioned around the graphical image of the closed jar experiment. Each hypothesis was clickable to jump to a note list on the hypothesis. Secondary, we created a new sub-window called "diary." Through this window, we provided students with their learning history including short descriptions, pictures, and QuickTime videos. Researchers regularly updated this window so that students and Mr. N used in the classroom to reflect what they had done.
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Evaluation of the Second Year Design Instructional Goals
In "air and how things burn," we had the following instructional goals. First, we challenged to design the curriculum with Knowledge Forum for students to go beyond the level of understanding specified by the national guideline then to pursue deeper levels of understanding through their investigations. The national guideline describes students' learning goals on this topic as follows: (1) students should understand that oxygen is used and carbon dioxide is produced in the air when things burn; and (2) students should be engaged in defining meanings of things to burn in their own words. We challenged to design the curriculum for students to engage in theory building through their explanations on how a candle stops burning in the closed jar. This phenomenon needs students to consider more deeply how oxygen and carbon dioxide are related to burning.
Further, based on our findings from the first year, we revised our design of the use of Knowledge Forum as a reflection tool. Students were instructed to report their thoughts through constructing their models and to test their understanding in the process of hypothesis testing experiments. Their thoughts in progress were shared more articulately on Knowledge Forum. We were concerned with how such challenge facilitated students' discourse on social knowledge construction.
Goal-Sensitive Assessment 1: Students' Understanding of the Lesson
For the assessment of students' understanding of the lesson, we used their explanations on "how a candle stops burning in a closed jar." Mr. N started the lesson with his experiment of this task and asked students to explain how the phenomenon happened by drawing models. Students had opportunities to revise their models twice after benchmark lessons. The third versions of their models in period 36 were used as a measure for evaluating students' understanding of the lesson. The task of a candle in a closed jar is found as an item of TIMSS (Third International Mathematics and Science Study) questionnaire for 7th and 8th grades. We followed its coding procedure to identify whether each student eventually had the scientifically normative understanding. Twenty-one students of 41 (51%) were found to manifest the correct explanation. This proportion (51%) of correct answer is equal to the international mean proportion by 8th grade students in TIMSS. We conclude that our lesson plan was partially successful in the sense that more than a half of students attained their understanding of how things burn beyond the internationally expected level. There were 138 notes on the topic, including 53 notes by teachers and researchers. Of 85 notes by students, 57 notes were single and 28 notes were in 19 threads (ranged from 2 to 7). A Chi-square analysis showed that students were producing significantly more single notes than thread notes, χ 2 = 9.89, df = 1, p < .01. The analysis of server log files showed that students read 29.8 notes (SD = 1.91) ranged from 12 to 53. A t-test showed that students in the second year read significantly more notes than did those in the first year, t (75) = 4.73, p < .01. Notes produced by students were categorized as we did in the first year (Figure 8 ). The agreement between two coders was 70.0%. A Chi-square analysis of frequencies between the two years showed that students in the second year produced significantly less "non-cognitive" notes and significantly more "socially cognitive" notes, χ 2 = 1065.2, df = 2, p < .01. The content analysis of thread notes (Figure 9 ) showed remarkable differences between the two years in their qualities. A 2 (Design Year) X 3 (Type of Note Discourse) ANOVA on note proportions in threads showed the significant interaction effect, F(2, 78) = 8.46, p < .01. Post hoc tests by Tukey's HSD manifested that students in the second year produced significantly more proportions of "cognitive" and "socially cognitive" notes than "non-cognitive" notes whereas students in the first year produced significantly less "socially cognitive" notes than the others.
Goal-Sensitive Assessment 2: Students' Knowledge Construction on the Network

Discussion
More students in the second year attained deep conceptual understanding of the lesson compared with those in the first year. The results, we think, suggest that the lesson design in the second year was more successful than the first year. We cannot directly compare results in two years because of differences in grades and lesson periods. We still, however, conclude that the curriculum design was better in the second year for the following reasons. The lesson concepts were prepared based on the national guideline for each grade. In the first year, we assessed students' conceptual understanding strictly based on the guideline. In the second year, we evaluated students' understanding based on TIMSS coding for 7th and 8th grade beyond the guideline level. Results of the analysis showed that students in the second year reached at internationally 8th grade level, which is higher than Japanese grade 8th level. Thus, goal-sensitive assessments on different study topics were conducted based on the benchmark criteria such as national guideline or TIMSS so that we could compare students' understanding at different grades and in different topics. We also think that lesson periods were consequences from our curriculum design. Because we designed the study curriculum in such a way that students would be involved in authentic science activities supported by a CSCL technology, we needed more time to do so. The issue here should be whether we found students' performance for the cost (40 lesson periods, which are about three times as much as the ordinary schedule). We think that students' performance after the lesson was satisfactory for us to say that we should spend mote time on the topic to improve their scientific understanding on "air and how things burn."
By providing students with scaffolds in their science activities, their use of Knowledge Forum in the second year was found to be crucially different from that by students in the first year. A difference we should pay attention to is that students in the second year did not produce many notes in threads compared with those in the first year. We interpret this difference as follows: First, students in the second year wrote their thoughts in more "cognitive" or "socially cognitive" manner, which, we think, was quite time consuming. Since students were involved in more cognitive activities, their production of notes in thread looked decreased in number. Secondary, we speculate that the designed activities and system interface did not lead students to frequently commenting on each other. Students in the second year were engaged in repeated experiments for testing their hypotheses in-group. They were required of reporting their thoughts in progress such as hypotheses, experimental designs, results, and interpretation, each of which were a single note in their own view. A view for each group was a space to report their thoughts and they did not have to build notes on others as threads. In views in the second year system, notes that were related to one another in their contents were produced as single notes. Finally, results of the analysis of students' reading notes suggest that they read significantly more notes in the second year. This shows that they did use Knowledge Forum as tools for monitoring what other groups were conducting their investigations.
Another remarkable difference between the two years was that students in the second year communicated in more cognitive or socially cognitive manner. The teacher in the classroom (Mr. N) did not consider that the difference was from the difference in ages. Rather, he thought that it was more difficult for us to have students at the older age engage in socially knowledge construction. In Japanese schools, we usually see older students (particularly, at junior high schools) not report any ideas in the classroom or be afraid of expressing themselves. In the second year lesson, we designed students' activities at individual, small group, and whole class level. Knowledge Forum was used for students mainly for reflecting on their own groups' work and others' work. The teacher and students also used notes in Knowledge Forum in presenting their thoughts in front of the class by projecting the monitor on a big screen. They had articulate objects to talk about for improving their understanding. Our video research in progress has manifested that teacher and students talked in more cognitive or socially cognitive manner in face-to-face discussion as well as on Knowledge Forum.
CONCLUSION
We reported our design experiments for elementary science education at a Japanese school. Goalsensitive assessments with articulate benchmark criteria enabled us to compare designs for different topics at different grades. We found that basic principles for designing elementary science education were the same across different grades. CSCL technologies like Knowledge Forum would show the power for students' learning only (1) when students can recognize what to report and share for specific purposes of their activities, and (2) when their activities at different social levels (individual, small-group, and the whole classroom) are systematically coordinated through the lesson.
